r

LINEAR ESTIMATORS OF THE EXPORT
EMPLOYMENT MULTIPLIER

By _ “P‘?‘Agra“‘
Edwin Terry — gese®: a2
Washington University WS
St. Louis 30, Mo,
Working Paper 6415
November 3, 1964

This manuscript is designed for private circuiation and shouid
not be quoted, Comments are solicited and should be addressed

to Edwin Terry, Department of Economics, Washington University,
St. Louis, Missouri, 63130,




Linear Estimators of the Export Employment Multiplier

by Edwin F. Terry*

The idea in multiplier models is to regard certain types of spending
aS a determlnant of othe; spending; The ratlo of fhe total spénding derived
from the change in determinant spending s the income multiplier concept.
The employment multiplier is the ratio of the employment changes accom-
panying the total and determinant spending changes.

This paper is a clarification of the assumptions impliclt in esti=-
mators frequently used in making estimates of the aggregate export employ-
ment multiplier for urban economies, The terms export and import are used
to include trade of a subnational region wkth the rest of the natlon as
well as with foreign countries, The principal innovator of this employ-
ment multiplier in concept and practice was Homer Hoyt.l1/ Much of the
literature concerning the export employment multiplier uses the word
basic as a rough synonym for export.

investment Multlplier

The first thing that will be established in developing an export
employment multiplier model is its monetary mechanism, the investment
multiplier, To derive the investment to be used in conjunction with the
investment multiplier, gross regional product produced (GRPp) wiii be
broken down in a simplified fashion twice, once by final demand categories
and once by income payments, The derivation of this investment will be

seen to be invariant to the use of gross regional product produced or received,

* Part of this paper was done as a dissertation under Professor Gerhard
Tintner of lowa State Unlversity. The remalnder was made possible by a
grant to Washington University, Department of Economics, from the Natlional
Aeronaatics and Space Administration,

. Hoyt, Homer. ‘Homer Hoyt on Development of Economic Base Concept."
Land Economlcs, Vol, 41, May, 1954, pp. 173~198,
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By final demand categories, GRPp s composed of consumption (C)

plus investment (1') plus reglonal government (G'), Investment Is composed

of
+ gross private capital formation (GPCF')
+ Inventory additlons (inv add)
- fnventory depletions (inv dep)
+ exports (")
- {mports (M)

It 1s the omission of net in-area factor owner income flow in Investment

(1') which causes these components to sum to the production, rather than

the recelpt of gross regional product. Gross private capital formation

(GPCF') relates to all real capital formation by the private sector located

within the region, Exports (E') here consist of all private sector sales

to nonresidents and business and government establishments not located in

the region. Imports (M) Include all imports by residents and regional

establishments, Regional government is all nontransfer expenditures by

local, state and federal government establishments located in the region. 2/
Gross regional product produced on a simplified income payments basis

is equal to the following sum:
abbreviation

Net personal savings NPS
+ out-area gifts by residents out Tf
+ consumption c

Disposable income

+ personal taxes Tx}

= Personal income

+ all out-area factor owner flow out Flo
- In-area factor owner flow to residents in Flo
- In-area gifts to residents in Tf

- all government transfer payments to residents govt Tf
+ business social security taxes Tx

+ net corporate saving NC

+ corporate profits tax Tx3

2, For a discussion of the regional government account, see: Burkhead,
Jesse, 'Publlc Flnance as an Integral Part of Regional Accounts,' In:

Elements of Reqlonal Accounts, Werner Hlrsch, editor, Johns Hopkins
Press. Baltimore, Md, 1964. pp. 60-65.
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abbreviation
= Reglonal factor income produced
+ Indirect business tax Txy,
= Net regional product
+ depreciation Dep
= Gross regional product produced GRPp

The two breakdowns of GRPp yield the following economic identity, dropping
numerical subscripts to denote summation:

C +GPCF' 4+-Inv add - invdep + E' = M+ G' = NPS + out Tf + C + Tx +
out Flo - in F10 - in Tf - govt Tf + NCS + Dep.

Consumption cancels out., Also, in equilibrium, inventory additions and
depletions will not be present, The equilibrium components of the previous
identity can be rearranged so that

GPCF' + E' + G' + in Flo+ In Tf + govt Tf
=M + NPS + out Tf + Tx + out Flo + NCS + Dep.

Multiplier Investment (1) will be defined to conslist of those components
to the left of the prevlous equallity and leakage will consist of the rlight
hand slde components,

Reglonal consumption and leakage are regarded as functions of Invest-
ment (1) In multipller analysis, If the consumption functlon s 1lnear
and homogeneous, the product of total Investment times the Investment
mdtipller Is equal to the sum of that Investment plus all consumption by
reglonal residents. The sum of multlpller Investment and consumption will
pe deno;ed by Y.“ Qy comparison with the preceding Income account discussion
Y: eduai to 6 + éPéF' +E'+G'+ InFlo+ In Tf + govt Tf, Is seen to be

” } 3 "";1,‘3‘;1' -7
equal to equllibrium GRPp + In Flo + In Tf + govt TF + Imports.

The economlc derivatlion of the Investment multipller from the consump-
tion function Is well known. Brlefly, a constant fraction r (0 ¢ r <1)
of Investment expenditure s assumed to be spent on consumption by all
reglonal reclplents, That fraction [s referred to as the marginal propen-

sity to consume, Induced reglonal consumption Is then equal to the sum of
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the infinite geometric series I(r + r2 & 3 4 ) = 1(1/(1-r)-1). That

amount of consumption not induced by investment is indicated by the symbol vy,

So Y

it #

I +C
1 (0 /(1=r)) +
and aY =1 (V/(-r))

The quantity 1/(1-r) is the investment multiplier. Regardless of the form
of the induced consumption fuction,A Y/Al for the interval lo + ol is
approximately equal to dY/dl evaluated at 'o assuming the function to pos-
sess a derivative at Io and the disturbance term in stochastic functions
to be independent of investment. The investment multeplier is usually
denoted by R.

The leakage function can be found by solving for | since multiplier

investment will be equal to leakage in equilibrium. In the linear example:

(1=r) (V=9
(1=r) Y - (1-r) v
(/) Y + 2

[ B

1/k is the regional marginal propensity to leak.

it

where 1 - r

Employment Multiplier Models

An employment multiplier corresponding to the preceding investment
multiplier will be derived first,

Let N
N

total employment in a region, a function of ¥
investment employment, a function of multiplier investment (1)
with a one to one correspondence

Then M =(dN/dY) (dv/d1) (di/dN;) ANy
so that A N/ M, =(dN/dY) k (d1/dNy)
This model of the investment employment multiplier is essentially the same

as that given by Keynes for Kahn's investment employment multiplier. 3/

3. Keynes, J. M. The General Theory of Employment, Interest and Money.
Harcourt, Brace and Co. New York, N.Y. 1936, p. 116,



«5-

The components of multiplier investment and the resulting real activity
can be thought of as arus!ng to serve two groups: (1) regional residents
and (2) nonregt;;al resadents and establlshments. That portion of invest-
ment allocable to residents will be designated domestic investment (D) and
that allocable to the nonresident group exports (E) for purposes of con-
structing an export employment multiplier model. The employment associated
with D and E will be denoted by Nd and Ne, respectively. In effect, this
concept of exports and domestic investment converts some of the final demand
;Amponents of multiplier investment to a derived demand status. The pro-
blem is to allocate this intermediate production to the two classes of
ultimate final demand, exports and regional residents. After this is done,
multiplier exports will consist of that investment not arising in response
to regional resident demand or needs. It would then be considered to
more adequately fill the role of the sole exogenous element in regional
growth it is stated to be by the export employment multiplier than, for
example, exports as defined in the income accounts. A methodology for
accomplishing this allocation is sketched in the following.

Included in multiplier exports would be all of income account
exports (E') with domestic Investment including the in-flow, private
in-transfer and government transfer components of multiplier investment,

An allocation of gross private capital formation and regional government

is more involved, The possibility that some regional gross private capi-
tal formation as defined in the income accounts arises in anticipation of
export sales potential must be allowed. By this thinking, those GPCF' items
should be allocated to exports and domestic according to the sales antici-
pations for the output to be produced by the real investment. It should

be noted that the correctness of the sales anticipations would have nothing




-6-

to do with the validity of this allocation. In the investment decision
such sales anticipations, if they exist, may extend only to the first

buyer of the output. If so, only the direct export sales fraction would

be anticipated. Some regional buyers also might be direct exporters and/
or some of the buyers' regional customers might export, and so on. Hence,
the direct and indirect ""anticipated' export sales fraction could be larger,
Onlycthe direct anticipations will be considered here, however, because of
the theoretical and empirical problems involved in quantifying the indirect
export sales anticipations portion of GPCF', For purposes of discussion,
the income account gross private capital formation (GPCF') is divided into
two parts, an export portion included in E and domestic gross private
capital formation, denoted by GPCF, included in D,

An export and domestic empirical allocation of regional government
expenditures, with the exception of user-cost-financed activities, would
have to be a judgement based on a general knowledge of the role of the
agencies. The same indirect export estimation problem exists for this
sector as for capital formation, 4/ Regional government spending would be
divided nto cupiTal and noncqpital spending, Fupilic Lap:tal gpending wWould be
allocated according to the anticipated users and noncapital spending
accordlng to the actual users. Examples of reguonal government allocatlon

are regconal mllitary establlshment constructnon or operatlon which wuuld
be" export and the construction or operation of post offices which ¢ould

pqgels . . . .
domestic investment. Domestic regional government expenditures will

be denoted by G.

L. A theoretical construct which could accomplish the allocation more
rigorously is discussed in: Perloff, H, S, and Leven, C, L. '"Towards an
Integrated System of Regional Accounts: Stocks, Flows, and the Analysis
of the Public Sector.'' In: Elements of Regional Accounts, op. cit., pp.
197-204,
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in the investment employment multiplier model, investment was regarded
as a function of one type of employment so that al = (d1/dN;)a Nj. In the
export employment multiplier, investment is regarded as a function of two

types of employment so that al=(3 1/3aNg)a Ng+ (2 WP Ng)A Ny o A com-

posite function is encountered in evaluating the partials, Dlagrammatically:

I/D = Ny
Therefore, 3l/3 N, = (3 1/3D) (dD/dNy)= Y« (dD/dNd) - dD/dN 4 24 simitarly
al/ we = dE/dN_. The export employment multiplier model! corresponding to

the investment model is .

AN 4N dy , 3l MNd - 3
"y~ arloa® ™ * MNe )
dN D, M dE

= o dy k ('&‘u‘&‘ MNe * dNe)

It will be noted that the export employment multiplier model supposes know=
ledge of the ratio of the change in domestic investment employment to the
change in export employment., The four equations explicitly suggested by
the derivatives in this export employment multiplier model are referred to
as structural,

Employment Multiplier Estimators

Conditlions sufficient for three frequently used estimators of the
export employment multiplier to be in agreement with the preceding model
will now be developed. The first estimator assumes the ratio of change in
total employment to the change in export employment to be equal to their

average ratio. 5/ That is, N/ s Ng = N/Ng, therefore N = B 'Ng, The following

. LIRS PR S ~ear e
U L PR .

5. For an example, see: City of Wichita. Patterns for Progress, ,%931, _
an Economic Base Study of “the Wichita; Kansas Metropolitan Area. 1957. °

N
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five linear homogeneous structural relations would enable this estimator

to correspond to the export employment multiplier model just presented. Let:

Y = gy D = BdY Ng 2 o
leakage = (1/k) Y E =8 oNe Ne > 0
] =D +E N >0

For stability, the income account-employment functions would have to be
measured in constant prices.

The export employment multiplier can be derived by starting with the
condition necessary for equilibrium ¥, namely planned leakage equal to

planned investment., From the preceding

XYY = § el
substituting BuN= k (D + E)
N= (k/B) (B Ng + BGN,)
= (k/8y) (BdNg/Ne + Be)Ne

denote this by N =8'Ng
then AN/ANe = N/N, = g’
Y dN D dE
it hatg= =— Nd et
can be seen thatg o k%ﬁ'ﬁ? + dﬂe)

Since Ng/N_ s constrained to be a constant,A Ny/Mg must always be equal

to it, If this Is true, and if the structural relations are linear and
homogeneous, the estimator will correspond to the model. The model expression
for the export employment multiplier will be without any error attributable

to the linear nature of an approximation by the use of differentials in thls

instance, This estimator, referred to as the linear and homogeneous esti-
mator, can be implemented with estimates of export and total employment
for one time period.

A second estimator of the export employment multiplier assumes total

employment to be linearly regressed on export employment, N =5 + 5"Ne, 6/

6. For an example, see: Kansas City Federal Reserve Bank. ''The Employment
Multiplier in Wichita.'' Monthly Review, Sept., 1952,
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The ratio AN/ ANe is then equal to the linear regression coefficient g",
The following structural relations would be sufficient for this estimator

to correspond to the export model, Let:

Y=<+ BnN O<mg<1
leakage = Q + (I/x) Y Ny > 0
Yy=D+E Ne >0
D=m2+Bde N >0

E= (1-m) £ + BeNe

The export employment multiplier is derived as before by equating planned
leakage and investment and substituting Nd/Ne =g,
Then N =ug+ (2 -Q) + L (Bg € + Be) Ne, denote this by

By

Bn
N=6§+8"N, so that  "AN/aN, = B''.

g'? is seen to correspond to the export employment multiplier model because
its functional content is identical to the previous g'. lft%(ﬁeis equal
to a constant so that ANg/AN, is the same constant, and if the structural
relations are linear but not necessarily homogeneous, the expression for 8''
will be in agreement with the export employment multiplier model. The
model will again be without error attributable to its previously referred
to linearity. This estimator, termed the linear nonhomogeneous estimator,
can be implemented with estimates of export and total regional employment
for two time periods,

The linear regression of total employment on export employment could
have been derived without any economic argument by resubstituting investment

(1) for leakage and writing the inverse of the first two structural relations.

The identical composite function N = 6 + B'' N, can then be constructed

from the structural relations by simple substitution. This procedure would
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work for the first estimator as well and will be used to derive the third
estimator.

If estimates of export and total employment are available for more than

two time periods, they will not usually be numerically consistent with the

linear estimator previously examined. The addition of a disturbance term
to the linear nonhomogeneous estimator and a least squares estimate of the
regression coefficient defines the third estimator of the export employment
multiplier which will be termed the stochastic linear estimator. 7/ Mathe-
matically, the stochastic regression equation is N=§ + BNe + u.

The addition of a disturbance term to the linear nonhomogeneous esti-
mator indicates that one of more of its structural relations must have a
disturbance term. Before these terms are added, the preceding structural
relations will be written in different form. The first relation Y =1
+ B’r"N Is written in inverse form as N = 2IA+- p'Y. The second relation,

Il =Q+ (1/k) Y, resubstituting muitiplier investment (1) for leakage,
is written in inverse form as Y = % <4 ki, The export and export employ-
ment and domestic investment-domestic employment relations are substituted
in the | = D 4+ E ldentity yielding

!

it

mL4BeNg + (1-m) % + BeN,

ft

Lr BaNg + goN,
This will be rewritten as | = ¢ 48, (N4 + Ny =2+ 8 2N' utilizing the

equality N, = N; + No. It remains to demonstrate the existence of the

constant Bye This requires that g 4 =8 e = Bpor that Ny and N, be in a

constant ratio. The latter has already been assumed.

7. For an example, see: Thompson, G, E. ''An Investigation of the Local
Employment Multiplier,'' Review of Economics and Statistics, Vol., &4ti,
Feb. 1959, pp. 61-67.
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Then B8 de *Be"e = BZ(Nd’Ne)
from which g, = ( BgNg + BeNe)/(Ny + Ng)
= ( Bjk+ Be) Ne/( g+ 1)N,
= ( Bi€+ Be)/{ ¢+ 1) the required constant.

Export employment is retained in the rewritten structural relations by
inserting N; = (g+ 1)N,. Collecting the rewritten structural relations

and adding disturbance terms produces

N= g1 +8y Y+u‘v

Y=124+kl + sy N > O
= & . - N >

I *.ELN; +u3 i 0

N = (g +1) N, + q* - Neg > 0

Nois the sole exogenous variable in this recursive system. Progressively
substituting for the explanatory variables N, 1,6 and Y produces
N:(Q, vl pi k) + B KB (e4)Ne + (},/[)2,_,&/,,-;’—/3,/(//3.;.//,4/,, f,a,)__
which can be denoted N= g+ g Ng +yu. This equation is referred to as one
of the reduced forms in econometrics rather than a composite function as in
mathematics.

The properties of a least squares estimator of the g parameter depend
upon the probability distribution of the disturbance term , , hence upon
the probability distributions of the structural disturbance terms of which
¥ is a linear combination. in order for a least squares estimator of g
to be a best linear unbiased estimator the following must prevail. 8/

The expectation of the structural disturbance terms must be zero for each

time period, their variance-covariance matrix of contemporaneous disturbance

8. The material in this paragraph is based on: Anderson, R. L. and Ban-
croft, T. A, Statistical Theory in Research., McGraw-Hill Book Co., Inc,

New York, N. Y, 1952, p. 60. and Johnson, J. J, Econometric Methods. McGraw-
Hill Book Co., Inc. New York, N. ¥, 1963. Chapters 7, 8 and 9.
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terms must be constant through time, the covariance of wewcontemporaneous
disturbances within each structural relation must be zero, and the covariance
between noncontemporaneous disturbances of different structures must also
be zero. The last two conditions impose zero autocorrelation and serial
correlation of the structural disturbance terms, respectively., With these
conditions, any regional aggregate disturbance term }nathe export
employment multiplier formulation N = § <4 g Ne + 4 will have zero expec-
tation, constant variance through time, and zero auto-correlation, the
conditions required for a least squares estimator of g to be a best linear
unbiased estimator. It is sufficient for the least squares estimator to
be unbiased if the expectations of the structural disturbance terms are
equal to zero for every time period. If any of the other structural con-
ditions required for least squares to be the best linear unbiased estimator
hr?qlrdown, the sampling variance of g8 will ordinarily be increased.

An estimator of the export employment multiplier that does not assume
the aggregate output-employment and consumption functions or the over-all
Nd-Ne relation to be linear is the input-output analysis of W, W. Leontief,
The price paid for the greater flexibility of an input-output estimator

is that it cannot be implemented soley with regional total and export

amn !l Aauman
smpioymen

t data. Information on sector input and output flows must also
be gathered, An Input-output model will be used later g5 it allows expiiéfit
analysis and estimation of Indirect production and employment.

Export Employment Estimators

Estimates of export employment for implementing the three linear
estimators of the export multipllier that have been discussed usually are
based upon one or more of the following information sources: (1) a survey

of regional firms to secure their total employment and export sales fraction

-

? 8
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of total sales, (2) total employment figures by industry for the region
being estimated and one or more comparison areas encompassing the region,
and (3) judgement of persons making the export employment multiplier esti-
mate as to the regional employment engaged in producing exports. Esti=-
mates utilizing the first two sources manipulate verifiable data in explicit
formulas; assumptions sufficient for their accuracy will be developed,

in a survey determination of private sector export employment infor-
matig: tgg;I employment and the proportion of export sales is typically
solicited from firms located in a region, An estimate of a firm's export
employment is obtained by multiplying the export sales fraction times its
total employment. 9/ In mathematical form this estimator, termed the survey

estimator, is

T
where E = export sales, sales to nonreglonal residents and establishments
T = total sales
N = total employment
N:‘ = direct export empioyment

The explicit assumption in this estimator is that export employment is in the
same ratio to total employment as export sales are to total sales,

If a firm produces only one product, just one qualification is needed
for the survey estimator to be correct; the firm must not have experienced
a net addition to its finished inventory over the time period to which the
employment and sales data relate, Otherwise, the sales fraction for esti=-
mating export employment will be too large. This condition, which will be
assumed in the remainder 64this section, is a subset of the multiplier

requirement of zero regional inventory change discussed earlier,

9. Denver Planning office, Working Denver; an Economic Analysis. 1953, p.26.
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If a firm produces two or more products, taking the case of two for

an example, then the survey estimator becomes

AR
T = EN=(3EatE
N =N C‘,r.:_;.,r.g_) (Ng + N,)

letting E; = export sales of product A

E, = export sales of product 8
T, = total sales of product A
Tp = total sales of product B
N, = employment engaged in production of A
Ny, = employment engaged in production of B

If the employment and export sales fraction data are not secured by product,
the following must be true if the estimator is to be without error in the

case of nonjoint products:

E E
(2 _B) (Ny+ M) = Ay b
Tat Ty Ta 2T b

To determine the conditions sufficient for the last equality to exist,

the following relation will be used, f E5/T, = Ep/Ty, then

(Ea + Ep)/(Ty + Tp) = Ea/Ty = Ep/Ty, So, if the export sales fractions are
equal for all products produced by a survey respondent, the survey estimator
of a firm's aggregate export employment will be correct. Alternatively it
is sufficient for the accuracy of the estimator if the employment/total

sales ratios are equal for all products. This follows because

=

a
Ta

E £ N
a b
—— N +—N E+...tl E
T a || ) a Tl b

A regional export employment total arrived at by use of the survey

estimator will estimate direct private plus government user-cost-financed

export employment, Without modification of the estimator, export employ-

o nge? PP . - LA , N sy
’~'4l:..' . . LI . t?" . N - [
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ment would always be zero in construction and the remainder of government
establ ishments. That employment of firms producing output which is incor-
porated into exports by regional purchasers will be omitted from the export
employment estimate, Such employment has been referred to as indirect
export employment, using Input-output terminology.

An approximate survey estimator of indirect export employment has been
suggested, 10/ Reglonal direct exporting firms would be asked what pro-
portion of their input was purchased from reglional firms in addition to the
two previously mentioned questions, Indirect export employment of a firm
attributable to sales to a regional exporter would be equal to the direct
export sales fraction of the purchaser times the fraction of the seller's
output going to him times the seller's employment. The approximate survey

estimator of indirect export employment in mathematical form is

(R Ly
s =N ‘1‘:‘2(-*5(3’

P
. .lhd; &f
tetting Ne = Vex';;grt employment of the selling firm attributable to
s exports of the purchasing firm T

N. = total employment of seller

s

L = sales of seller to a regional purchaser
Ts = total sales of seller

Ep = exports of purchaser

Tp = total sales of purchaser

An Input-output estimator of regional employment attributable to

A
direct and indirect exports is N, = (b') (1 +A+A2 434 ) (o)

loi-jﬂéven, . L. ““An.Abproprlate'Uhlf'for Measuring the Urban Economic
Base.'" Land Economlcs,. Vol. 30, Nov., 1954, p. 370.




letting N, = regfonal direct and indirect export employment
b = vector of linear and homogeneous output-employment coefficients

|

4

Identity matrix

A = matrix of processing sector input coefficlents with C,
G, GPCF and E in final demand
e = vector of sector exports

Indirect export employment would be equal to (b') (A'f A2 4 A3 + .0e) (e)
and one approximation would be (b') (A) (e). To collate with the suggested
survey estimator of indirect export employment, suppose two of the processing
sectors were each composed of one firm and that one of those firms (s) sold
output to the other firm (p). If none of that output were purchased for
purposes of GPCF and If there were. no Inventory changes in the survey period,
the truncated input-output estimator of indirect export employment In the

s sector, bg Agp e, could be written fg/T) (L/TP)Ep using survey estimator
notation. The latter expression is identical to the approximate survey
estimator., However, if some of the seller's output were utilized for GPCF'
by the purchaser, the p sector input coefficient from sector s (Asp) would

be overstated., Thls could cause the degree of approximation to vary from
one exporter to the next, hence to vary among Indirect exporters, Even

If GPCF' equalled zero, this particular truncated estimator would not
uniformly approximate indirect export employment because the power series
A+ AZ 4.,.. does not converge uniformly for each sector. This Is partl-
cularly serious for the truncation A and will be demonstrated in the
subsequent empirical section. For both of these reasons, comparisons

of indirect export employment among sectors and among regions estimated

by the approximate survey estimator  could be distorted,
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The second type of data used in making estimates of regional export
employment do not Include information directly relating to export sales.
Instead, a proxy varlable is used, typically industry employment for one
or more areas besides the region, There are many variations but a common
one, stemming from the locatlon quotlient, estimates nonexport employment
In Industry j to be the same fraction of total employment in the region as
the total industry j/total employment fraction In another area. The Indus-
try j export employment estimate is regional industry j employment minus
the imputed nonexport employment if that difference is greater than zero, 11/

This estimator in mathematical form is:

letting Ne#j = export employment of a regional industry j (j = 1,2, .. n)

restricted to be greater than or equal to zero

NO} = nonexport employment in reglonal industry j
Nj = total employment of regional industry j, assumed equal to
N .
N = total employment of the region
Uj = industry j employment of a comparison economy including the
region
U = total employment of the comparison economy including the region

UJ/U 1s a ratio estimator of the nonexport employment proportion in regional
7
Industry i, The estimate of the proportion will be denoted by NO}IN .

A :
Substituting, the export estimator becomes Nj - N(Noj/N) = "e#j + Ny ’ﬁﬂ"j: ﬁa#~

S »
The question of interest is how good is the estimator Uj/U of the ratlo

NOJ/N"?A

11. See: Thompson, op, clt., p. 6k,



-18-

A statistical property which is easily demonstrated for a ratio estimator
when it is not 1mp1’2"et:d with proxy data is unbiasedness in the sampling limit.
12/ To illustrate, suppose Ho /N vere estimated from a random sample of m
firms out of a regional total i‘)f M by determining their total employment,
their industry and - if in industry j - their nonexport employment.

Let N, /U =& and B/M = N
3 4

A ratio estimator of nonexport employment in {ndustry j would be
A »” oo 2 2 =~ 8
— . = 1 V- / = A/ﬁ” A
/I/oo/A/ »,-Ki;’ Mok/%,% ,/4) wn AV d/

If all M firms in a repion were contacted, unbiasedness in the finite limit

estimutor
for this¥is demonstrated by

>/

~
. Z 2y - -

Noj /N z Nojk/ .;}-/{/K, .ﬁnoj,m‘ﬂod‘/ﬁsN”/"//l/
Unbiasedness in the limit cannot be demonstrated for the Ujm estimator of
No j/N, nor can any bias be measured, because it does not involve inductive
inference from a sample of i °jk/Nk ratios. In short, the implementation
of an estimator with proxy data removes it from the class of estimators
congidered in the field of statistics. Any estimator implemented with proxy
variables will hereafter be referred to as a proxy estimator.

How can a proxy estimator be evaluated other than by comparisons of
estimates with the true values? A commonly employed method is to evaluate
the a priori credibility of the assumptiogscimplied structural relations
of a proxy estimator. 13/ This will be done for the proxy estimator of

export employment.

12. Cochran, W. G. Sampling Techniques. John Wiley and Soms, Inc. New York,
N; Yo 19530 PF' 13 & 1140

13. For a simple exarple, see; Ferguson, C. E. "Comment.” In{ Elements
of Regional Accounts, op. cit., pp. 47-49.
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The explicit statement of the proxy estimator ﬁé = NUj/U is that
nonexport employment in regional industry j is the sa&e fraction of total
regional employment as the total industry j/total employment ratio exhibited
by a comparison area. There are two possible interpretations of this - the
actual regional ratio is Indicated by the comparison area or the relative
amount of employment the region would need to produce all of the industry j
output used by nonexport demanders is Indicated by the comparison area ratio.
Since ﬁgj may be more than the total employment of industry j, the first
possibility must be rejected, One Implication of the second interpretation
Is that the comparison area has no exports or imports; such an economy is
referred to as closed, If this is the case, then the total output and
employment in the comparison area's industries is satisfying all the direct
and indirect domestic demand, domestic demand consisting of consumption
and domestic investment,

The following question Is posed in order to start the development of
explicit assumptions for the proxy estimator that would enable it to be
generally correct, that is, the a priori conditions allowing the estimator
to be applicable to any region, How much employment should be devoted to
industry J In another closed economy of total employment size N? A simple

o & o _ % . _a®._ _%. £ [ P o~ asaa -
ang generat rationaie vor imator N =N U /5 in this context

.

is that the amount of Industry j output necessary to satisfy linked domestic
demand is In a constant proportion to that in the comparison area and that
average labor productivitles in the two areas, by industry and in aggregate,
are also in a constant proportion. For the average labor productivity

ratlos to be constant, it Is sufficient that the industry and aggregate

output-employment functions be 1inear and homogeneous,



The following notation is adopted to indicate the aforementioned employ=-
ment, output and demand relationships implicit in the proxy estimator of
nonexport employment in a closed regional economy.

Let N = total employment in a region
U = total employment in a comparison area
J = industry subscript (J =1, 2, .., n)

g = aggregate output-employment coefficient in the linear homogeneous
function of the comparison area

A = constant proportionality factor of output-employment coefficients
in the region relative to the comparison area

ot
f

c = regional output needed to satisfy consumer (c) direct and indi-
rect demand without any regional imports

o
it

o = output in a region equal to 5c + ag +-agpcf

"~
comparison area counterparts of regional 0c and'ﬁ°

0'9'!
L}

Y =0°j/$;j (j = ‘. 20 ,..n) = }:ooj/ _?quj = '6‘0/¢°

The output-employment functions are written:

~ L)
N=AB 0, U= B8
N = A U = ; »
o, = %) % URT

with g-sojéa'and similarly for the other industry output and employment vari=-
- .0
ables, There Is no difficulty In maintaining the stabllity of the aggregate
of
coefficient ratio ) because the relative distributionsYindustry output in
the two areas have been assumed equal., The proxy estimator of nonexport
A
employment in the closed region Noj = N Uj/U becomes, by substitution
N - - ~
= A g %
R A T
and since N,, = u =
It must be that , y = N/U

therefore /.= yUN = (Bo/N) (G/Y)
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The last equality, required because the form and sense of the estimator

-

constrains §N°j to be equal to N, statesy and A to be dependent. The
required relation is that the constant average ratios of labor productivities
for the two areas (1/ ) ) be equal to the linked domestic demand per employ~
ment ratios. One such relation Is A =1 and y = N/U,

The use of the proxy estimator indicates the possibility that a region

might have some employment devoted to export production. Hence, if total
employment N Is not that of a closed economy, It must be equal to it in
order for N/U to represent an economic sce\lar of y ., That is, the loss
of regional employment producing direct and indirect exports must be equal
to that which would be generated by the replacement, with regional pro-
duction, of imports used to satisfy linked domestic demand. That equality
will be assumed temporarily..

The preceding notation for the proxy estimator is now extended to include:

0 = actual reglonal production
0¢ = actual regional production going to consumer direct and
indirect demand

00 = OC + 09 -+ ongf

0, = actual reglonal imports

00 = imports directly and indirectly allocable to domestic demand

.m - .
s ’ ) :
Gomj = regiona! industry } production generated by regional replace-

ment of all direct and indirect domestic demand imports

N~ = O~ ed b 6!

om; Ar 35- omj = employment generat Y om]J

Nomj = AEOomj = Imputed reglonal employment lost to Oy

J

The reglonal employnient-output-demand relationships are now written:

N = g0

A8 (Og + 05 +0g..¢ +0,)
= )LB(DO 1" oe)




assumed = ,}‘pﬁ;

therefore (0, - 0,) = O¢

so that xg(ﬁz - oo) = AB e O ==Ne is actual reglonal direct and indirect
export employment,

Also Nj =3B joj

A ?.3 (oc(,L + 3:) |
8 °°J'"°5mj+°e'_',")<:

The proxy estimator of industry j export employment

Neg; = Nj - Nup

L
becomes by substitutuion

.o ~
A Bj (Ooj + Oej - Oomj - ooj)

N - If 4]
e “saﬁ >

By thls derivation, the proxy estimator of industry export employment is

]

seen to be an estimate of the regional employment producing 1inked exports
of industry j less the regional industry j employment that would result
from the substitution of regional production for all imports consigned to
linked domestic demand, This net amount, when greater than zero, hereafter
will be referred to as net linked export employment.

An essential assumption of the proxy estimator is that actual 1inked
export employment equals the regional employment that would be generated
by the replacement of linked domestic demand imports. The analytical device
employed to deduce conditions sufficient for this assumption to be generally
correct will be the open nondynamic input-output model with linear homo=

geneous output-employment functions. Processing industries would exclude

households (consumption), domestic gross public and private capital formation,

and the direct demand components of multiplier exports, This would leave
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domestic noncapital activitlies of regional government in the processing
sector, . 14/
Let b = vector of industry output-employment coefficients

A = matrix of reglional input coefficients

B = matrix of regional input coefficients with regional production
substituted for imports of processing sector output

a = vector of observed final domestic demand for regional processing
Industry output

e = vector of observed processing industry direct exports

m = vector of observed direct processing industry imports by the
final domestic demand sector

vector sumof a+ e

[

o
. p = vector sumof a4 m

It 1s required that (b') (1 = A)™' (o) = (b") (1 = B)™! (p). An obvious way
to achieve equality is to impose A=8B and e =m, If A iIs to equal B there
must not be any imports of processing industry output by the regional pro-
cessing industries. The vector of direct exports (e) will equal that of
domestic final demand imports (m) If direct exports of each regional indus-
try j equals imports of industry j output. The most illuminating case to
consider is A equal to B equal to the null matrix, that is, no inter or
intra industry transactlons as well as imports in the processing sector,
This will rule out any indirect production in the region, It Is then
required that (b') (1) (o) = (b') (i) (p) which reduces to (b') (e) =
(b*) (m). Such an eduallty will always exist if the sum of regional proces-
sing Industry exports equals the sum of imports of their output and if the

elements of(b)are a constant (  g).

14. As has been Indicated by Perloff and Leven, op, cit., p. 198, a dif-
ficulty in Iincluding a component of non user-cost-financed regional govern-
ment in this processing sector is the meaningfulness of the implied relation
of such government expenditures to activity levels in a region. The above
inclusion does permit a more meaningful statement of the required employment
equality, however,
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If the A matkix equals the B matrix equals the null matrix and all g; equal
g in the comparison area, it need not be a closed economy. The previous
requirement that comparison area imports of industry j output and exports of
industry j output both equal zero could be relaxed to having them equal.

If the regional A matrix equals the B equals the null matrix and all

Aejg A8, the proxy estimator of industry net export employment
- N~
N
. = N, o .

e#J 3 - NUJ_=/U |

. _ - o~
can be written = ) g Ooj - Oomj *‘Oej Ooj)
= N

e% - No ,1F > 0
mJ b

The range on ;;Ne'}r = (Nég - N°m )
h| 3 J

Is seen tobe 0 « 5 Ngp. < N&
= 3 e#a, __j e j

The proxy estimator of Industry net limked export employment in tiis case

is then equal to direct export employme t minus the regional employment

imputed to observed imports of industry j output by direct domestic demanders,
Linear homogeneous output-employment functions have been used thus far

in the proxy estimator discussion. If linear nonhomogeieous i dustry and

aggregate output-employment functions were postulated, the estimator would

become trivial, This is because two constraints on the regression comstants

are necessary for the proxy estimator to be internally consistent, Denoting

the regressio:» constants by Nj and U] for the region and comparisor area

respectively, the constraints are that NJ/Uj = Nj/Uj for all j and that

fgl z I—Jj = NU = v . The first is necessary for UJ/U to correctly
al1oc1te regional employment to exports and other and the second is necessary

for the total employment ratio to correctly indicate the ratio of total domes-

tic demand in the two areas adjusted for labor productivity differences. To
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generally realize both, however, the relative distribution of industry employ=-
ment must be the same in the region and comparison area which means zero net
export employment would be estimated for the region.

In order to generate the data needed for a valid test of the proxy esti-
mator of regional net export employment the following are needed: an open
nondynamic input-output model with an Industry origin of all imports, a split
of government expenditures in the region into direct export and other, a split
of real capital investment into direct export and other, and 1inear homogeneous
output-employment functions. The last feature would allow estimates of actual
1inked export employment and actual 1inked nonexport employment which would
exhaust the total employment producing regional output., The breakdown of
imports by industry would permit an estimate of the amount of reglonal employ-
ment attributable to supplying all regional direct domestic demand without
any imports by the final domestic users or regional processing Industries,

The last employment estimate minus actual linked nonexport would represent
domestic import replacing employment. The industry summation of linked export
minus import replacing employment when greater than zero would represent

more direct estimates of net 1inked export employment to compare with those
produced by the proxy estimator,

mdiimbl S Lo _alao
d!atutblng reature

A of the proxy estimator of net expori empioyment is
that as the number of industries into which a region's employment total is
divided increases, the estimate « {f it changes - can only increase. 15/ In
general, net export employment will increase because industry disaggregation
allows more opportunities for differences in the relative distributlion of

v : \ s IR

15. Kansas City Federal Reserve Bank. 'The Export-Local Employmeﬁt Relation=
ship-tn Métropolitan-Areas,.'" Monthly Revlew, March, 1960, p. ‘9 Sf technical
appendix.

A

. . . . .o
) i . . N = ., Ve ¢ LR : ‘e woo- 3! .
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employment of a reglon and its comparison area. This type of monotonicity is
not evident in the survey estimator as a firm is disaggregated by product nor
in an Input-output estimator as the number of subdivisions in the processing
sector is Increased.

A final point about testing the proxy estimator concerns the employment
data used to implement it, Two types of industry employment data are avail-
able for many regions, the Census household series and an establishment report
series, The household series relates to the industry attachment of employed
residents of a region regardless of where employed. Establishment reports,
with some exclusions, relate to jobs held in the reglon regardless of the
residence of the job holder. Both have been used in Implementing the proxy
estimator. 16/ Loosely speaking, industry employment in the estimator denotes
production In an area while the summation of the Industry employment Indicates
domestic demand. Establishment employment would be expected to Indicate the
composition of industry production within an area more accurately than an
employed resident series. The case for the superior total employment series
is not so clear-cut but employed residents are probably a more constant indi-
cator of population and hence of the level of domestlic demand insofar as the
latter two are correlated. From these considerations it Is concluded that,
for the proxy estimator, a reglon and:its comparison area should be demarcated
so that persons employed in the area and employed residents are as nearly
yﬁﬁff;;;’posslb¥e. The transition from persons employed in an area to jobs
held in an area requires that the relative amounts of multiple job holding
In the region and comparison area be similar. In the former case net linked

export employment refers to employed persons and in the latter to jobs held.

16, See: Thompson, op. cit., p. 62.
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Employment Multipller Estimates

Some emplirical content will be given to the preceding discussion of
export employment and its linear and homogeneous multiplier by utilizing
data from an Input-output study of St. Louls for 1955, 17/ To do this,
some modifications have to be made in the previous formulation of the export
employment multiplier., FlIrst, the sectoring used In the input-output study
grouped all gross private capital formation together without any export-
nonexport classification, Of the federal, state and local government sectors,
only local user-cost-financed activitles were sectored as to export and non-
export. Thils prevents adherence to the definitions of export and deowestic
multiplier investment that have been advanced, Because of this, two dif-
ferent sets of definitions which conform to the input-output sectoring will
be used.

The first definition of exports consists of all sales of new production
to nonresident persons and nonregional business and government establishments
with domestic Investment consisting of all gross private capital formation,
These two definitions are referred to as the ''trade'' set, The purchases
and employment of the local, state and federal government sectors wi}ll be
largely excluded from the export employment multiplier estimates using these
definitions, The second set of definltlons includes the expenditures and
employment of government establishments in the region by adding the state
and federal sectors to the preceding exports and the local government sector
to domestic investment. This set of definitions is referred to as ''inclusive,"

series and aa agricuftural
The employment data used are from a St. Louls nonagricultural’census, they
exclude the military, household domestics, unpald family workers and the

nonagricultural self-employed,

17. Hlirsch, W, Z. "Interindustry Relations of a Metropolitan Area.' Revlew
of Economics and Statistlcs, Vol. 41, Nov., 1959, pp. 360-369. | am indebted
to Professor Hirsch for allowing me access to the records of this study,
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An estimate of the export employment multiplier using the 1inear homo-
geneous estimator and a counterpart of the survey estimator of export employ-
ment will be presented first, A survey estimate of export employment could
not be constructed because output inventory changes within the producing firms
could not be successfully disinterred from the study records. The alter-
native was to assume either that the regional inventory changes of sector
output as recorded in the transactions matrix occurred entirely within the
producing firms or entirely out of them, 18/ The latter alternative was
judged to be the error minimizer with respect to the survey estimator of
export employment., Utlilizing this place of inventory change assumption,
sector sales are equal to sector output totals, including inventory additlons,
minus Inventory depletions calculated from the transactions matrix. This
implementation of the survey estimator of export e&ployment at the sector
level yielded the follgxyainear homogeneous estimate of the export employ-
ment multiplier for St. Louls.

(trade) N/N¥ = 64ls,406/208,838 = 3.09

(Inclusive) N/NX = 724,600/245,266

n

2,9

The Inclusive estimate of export employment would be equal to that produced
using the survey estimator of export employment at the firm level if the
piace of inventory change assumntion Is correct, if all firms In a sector
had equal export sales proportlions or equal employment/total sales ratios,

and if state and federal employment in the region were considered export.

18, For the Inventory recording procedure, see: Evans, W. D. and Hoffenberg,
Marvin, 'The Interindustry Relations Study for 1947,' Review of Economics
and Statlistics, Vol, 34, May, 1952, p. 108,
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Linear homogeneous export empioyment multiplier estimates incorporating
the equilibrium requirement of no regional inventory changes can be computed.
The problem is to know what a consistent set of industry outputs would have
been in the survey period If the inventory changes that were present had
not occurred. Such equilibrium production can be estimated with the input-
output estimator at hand because multiplier investment, as well as exports,
has been defined in terms of St, Louis Input-output sectors. Industry out-
puts were estimated corresponding to the observed multiplier investment out-
put sector distribution at the time of the St, Louis study. These industry
outputs and their export final demand components were converted into employ-
ment using linear homogeneous output-employment functions. An aggregate
export employment multiplier was then computed as the sum of the processing
sector equilibrium employment, plus all government employment in the region
for the inclusive set, divided by total export employment. These aggregate
estimates correspond to weighting the sector export employment multipliers
by their relative amount of regional export employment in the survey period.
The export employment multiplier estimates are:

(trade) N/Ngge = 556,275/208,838 ~ 2,66

(inclusive) N/Ne* = 696,283/245,266 = 2.84
These cstimates, which are smaller than the preceding ones, reflect the
exclusion of nonexport employment attributable to the net increase in regional
inventories during the survey period. The range on the total/export employ-
ment sector ratios for the trade definitions was from 1,03 for a manufacturing
category to infinity for the construction industry. For the inclusive
definitions, the range was from 1,03 for the same manufacturing sector to
k1 for another nonmanufacturing category. About two-thirds of the ratios

of each set fell within the values of one to three.
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Subjected to the conditions of the previous paragraph and the constancy

of sector exports as a fraction of the prescribed sector final demand, a
regional nondynamic input-output estimator will always produce an aggregate

estimate of the export employment multiplier equal to that glven by the

1inear homogeneous estimator implemented with a survey estimate of inclusive

export employment for the same time period if (1) regional inventory change
did not occur in the survey period, (2) all firms in a processing sector
have equal export/total sales or employment/total sales ratios and (3) stat
and federal government are considered export.

Utilizing the assumptions of the linear homogeneous estimator, the
export employment multiplier becomes

AN N N __Y

AN, =N, =Yy D4E ("dN + Se)

All of these quantities can be estimated with input-output, A difficulty
with the spending measure estimates will be that state and federal! transfer
payments must be included in exports instead of domestic Investment in the
inclusive set because of the Input-output sectoring, To have total employ-
ment equal to employment attributable to exports, domestic investment and
consumption, these component employment flgures must include indirect as
well as direct employment, All production can be attributed to consumption
plus multiplier investment by excluding these sectors from the processing
sector, hence from the corresponding Inverse output matrix. The use of
linear homogeneous sector output-employment functions then attributes all

regional employment to the linked production values so that N = Nc + Ng +

Ne. Performing this on the St. Louis data produces

N
(trade) — 556,275 6,818 772 L 6 .
Ne = £818,772 4,856,299 7u 659 35'3"1%2 }"%3%"1‘3?) '

(Incluslve) X 2%,283 8,3 ,ag (L 8,232 loo,aeu 4,804 ,;00)

e

<96

2.13
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These smaller multiplier values reflect the interfirm linkage in St., Louis
causing indirect export employment to be over one~third of direct. The
range on the total/linked export employment sector ratios for the trade
definltions was from 1,01 to nlne and from 1,01 to ten for the inclusive,
Slightly more than two-thirds of the ratios of each set fell within a range
of one to two,

The truncated input-output estimator of indirect export employment
(b') (A) (e) discussed in connection with the approximate survey estimator
was implemented, using the St. Louis data. The resulting estimates were

(trade) N7§e = 556,275/264,027 2 2.11

(inclusive) N/N, = 696,283/305,655 = 2,28
The ratio of the truncated estimate of indirect export employment to the
exhaustive estimate for the trade and inclusive definitlions of exports was
<74 and .75 respectively, The ratio of the truncated to the exhaustive esti-
mates for each of the twenty-odd processing Industries were also computed to
test for sector uniformity of the approximations. The sector proportions
varied from 65 to 92 per cent with approximately half of them falling outside
the range 70 to 80 for both the trade and inclusive sets, This Is inter-

preted as a rejection of a uniform approximation (covergence) hypothesis., At

Lo e .mlf
(R

st, the ur

ormity of the amnroximate survey indirect export employment
estimator is that apparent In the truncation of the power series approxi-
mation to the desired Inverse matrix of output coefficients, The reason for
the sector disparity of the estimator can be appreciated by considering the
sum of the geometric series r + r 4 r3 + ..o With zero less than r, r less
than 1, Letting r equal .4 and .6, for example, it is observed that the

ratio of r to the sum of Its corresponding series Is .6 and .4, respectively,
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The investment and export income multipliers have been suggested as
estimators of the linked investment and export employment multipliers., 19/
Corresponding to the linear homogeneous estimator the income multipliers are
¥/t and Y/E., The | and E components of Y have been measured in terms of
producers prices. They could be measured in other monetary terms, value-
added for example. Accordingly appropriate value-added aggregates were
approximated by computing the sum of the household and government row inputs
corresponding to the same 1inked production values used to compute 1inked

export and domestic investment employment., The multiplier estimates are:

Investment N/N; Yy-a/ly.a Y/1
{trade) 1.55 1.48 V.40
(inclusive) 1.63 1.50 1.45
sca . S AV S
(trade)  1.96 .88 1.7
(Inclusive) 2,13 1.93 1.78

The export employment multipliers are greater than the investment because

the domestic investment which is assumed to accompany exports converts into
investment employment, but not export. All the dollar ratios are slightly
lower than their corresponding employment ratios. The estimates are inter-
preted, however, as not rejecting the hypothesis that total employment, 1inked
investment and export employment are proportional tc their corresponding
Vinked value-added aggregates, The revenue ratios, which are smailler than

the value-added ratfos, are understated because the heavily consumer oriented
sales of the large trade sector were recorded in the transactions matrix in

terms of trade margins rather than prices. The iInclusive total/export revenue

19, See, Hansen, A. H, A Gulde to Keynes, McGraw-Hill Book Co., Inc.

New York, N, Y. 1953, p. 87 and Fox, Karl, 'The Study of Interactions
Between Agriculture and the Nonfarm Economy: Local, Regional and National."
Journal of Farm Economics, Vol. 44, No, 1, Feb., 1962, p. 23,
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ratio Is also understated because of the previously mentioned inclusion of
government transfer payments in exports. A hypothesis of proportionality
of total and linked investment and export employment to the corresponding
direct producers revenue is not considered to be tested by these estimates
because of the indicated nonconformities of the data. The estimates are

regarded as suggesting that such a hypothesis has promise,
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Summary and Conclusions

This has been an examination of estimators of the regional aggregate
export employment multiplier corresponding to the coefficients in three
simple linear regressions of total employment on export employment. The
structural relations underlying the reduced forms, which are the total
employment-export employment-regression equations, have been demonstrated,
The regression coefficient estimators correspond to input-output employment
multipliers which can be condensed to one number because the sector dis=-
tribution of final demand and its export and domestic components are assumed
to change only by a scalar and the sector output-employment functlions are
assumed g; be linear, The assumption of a constancy of the change in
endogenous domestic investment to that in exogenous exports constitutes a
comparative statics aggregative domestic capital formation sub-model. As
has been Iindicated by others, the export employment multiplier model to
which the three estimators conform assumes that there is no feedback of
regional imports upon regional exports. 20/ A more inclusive definition
of exports than the usual trade composition has been advanced to strengthen
Its designation as the sale exogenous variable determining changeg in total
employment. Any rigorous empirical implementation of that definition would
rtainly involve more work than an agqregate linear estimate of the
multiplier would be worth as a quantitative predictor. This is because the
enumerated assumptions which allow the input-output sector employment multi-
pliers to be condensed to one number, coupled with the consumption and
indirect production assumptions of the input-output estimator are judged to
be excessively rigid. A linear and homogeneous export employment multiplier
estimate would hawe somewhat greater value as an extrapolator than as a

predictor,

20, Tiebout, C. M. 'Exports and Regional Economic Growth,' The Journal of
Political Economy, Vol. 64, April, 1956, p. 162,
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Estimates of the linear and homogeneous irvestment and export 1ipked
employment multipliers using Input-output data for St. Louis are judged to
not reject the typothesis of equality with their correspo:ding income multi=-
plier estimates, The range or the various total to lirked and unlinked export
employme:t ratios presented for that region was from 2,0 to 3.1. This inter=-
val would probably cover the majority of aggregate export employment multi-
plier estimates that have been published for regions in the United States,
There are several conceptual types of total employment for a region and
even more types of export employment, Employment in a region is superior to
employed residents for purposes of identifying export employme~t because
exports have been defined in terms of the disposition of regional output.
The identification of exporters and their export employment is judged to yield
more information about a region than an aggregate |inear export employment
multiplier estimate., Export employment may be that directly connected with
export production or that directly and indirectly connected. The survey
estimator of direct export employment, on a physical establishment basis to
reduce vertical integration effects, is recommended. The approximate survey
estimator of indirect export employment Is not recommended because it has
been indicated to be susceptible to serious capital formation and sectoral
rate of convergence erroirs. The Input-output estimator of indirect export
employment is recommended, of course., The proxy estimator of net 1inked
export employment remains empirically untested, but the realization of its
assumptions for an urban region appears dublous. Pending the outcome of

such tests to indicate sensitivity, its use is not recommended,




